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concentrations embracing both burning of fossil fuels and terrestrial
sources have all been dominated by growth rates in fossil fuel emis-
sions, except in cases where fossil fuel emissions are extremely low.
Over a period of a decade or two, biospheric emissions could rival
fossil fuel emissions, but over a century biospheric emissions from
human activities are most unlikely to average higher than 1 to 3 Gt of
C per year, and fossil fuel emissions are typically projected to be an
order of magnitude larger. It is also possible, as discussed in the
next section, that there will be no significant net release of carbon
from the biosphere over the next century, depending on which human
activities and physical processes are dominant.

1.2.2 Future Atmospheric CQ2 Concentrations

We now turn to the question of translating CO2 emissions into atmo-
spheric C02 concentrations. Projecting C02 concentrations requires
a determination of how emissions will be partitioned among the atmo-
sphere, the oceans, and the biosphere. Carbon circulates naturally
among these reservoirs driven by physical and biological forces? we
term this circulation the carbon cycle, and the injection of carbon
dioxide into the atmosphere by human activities may be viewed as a
perturbation of this cycle (see Figure 1.7).  Before the substantial
release of CC>2 from human activities began, one part of the carbon
cycle involved production of organic matter from atmospheric C02 and
water and transportation of this material to the ocean where it was
buried in marine sediments. Anthropogenic emissions have reversed this
part of the carbon cycle. Some of the carbon stored over 500 million
years in marine sediments is now returning to the atmosphere in a few
short generations.

By means of quantitative models of the carbon cycle, we can estimate
the effects of postulated rates of carbon dioxide injections on the
pools and fluxes of carbon, in particular on the concentration of
carbon in the atmosphere. Moreover, we can also assess the degree to
which uncertainties in our understanding of one or another factor
influence our forecasts of future atmospheric C02 levels.

The atmosphere forms a thin film over the Earth. Its composition is
in large part the result of biological activity, and it is powerfully
shaped by interaction with the oceans that cover some 70% of the
globe. The concentration of C02 in the atmosphere has varied over
the ages; for example, there is evidence that it may have been about
200 ppm during the last ice age 18,000 years ago.  Reliable instrumental
records are available only since 1957.  Since then, the concentration
has increased from about 315 ppm to slightly above 340 ppm and at an
average rate of about 0.4% per year over the last decade (Figure 1.2).
As discussed by Machta (this volume, Chapter 3, Section 3.4), carbon
dioxide is well mixed in the atmosphere; measurements from the global
network of sampling sites show relatively small spatial and temporal
variations that are explainable largely in terms of fossil fuel sources